Abstract-Grid connected photovoltaic systems have been paid more and more attention by people. The problem of antiislanding is a key problem that threatens the secure operation of distributed generation (DG) system, so the system must have the function of timely detecting islanding. The traditional active frequency drift (AFD) method is not fast enough, and the total harmonic distortion THD is large, which greatly affect the output current quality. Hence, an improved active frequency drift detection method based on changing chopping factor ( cf ) is proposed in view of the above shortcomings of the traditional AFD method. In this method, the detection time is shortened, THD is reduced. The effectiveness and superiority of the proposed method are verified by theoretical analysis and Matlab/Simulink simulation.
I. INTRODUCTION
With the continuous energy consumption, solar energy, fuel cells and other new renewable sources of energy are constantly being developed and utilized, which is the use of distributed generation (DG) [1] development direction of solar energy, representing the 21st century the most attractive energy technologies [2] . Photovoltaic power generation system deliver the DC current produced from solar batteries to the grid after inverting, which requires the grid system has all kinds of and perfect protection measures. The islanding protection [3] , [4] measures in addition to the protection of general current, voltage and frequency detection, but also needing to consider a special fault state which is islanding effect. Islanding effect is when the grid interrupt the power supply due to electrical fault or natural factors and other reasons, the PV grid system is still power to the load through the inverter around, thereby forming a phenomenon that self power islands with load without grid's control. Islanding phenomenon will seriously affect the normal operation of the power system security. In addition, it will not only damage the electrical installations user access to the grid, but also may endanger the safety of track maintenance personnel. See, for a grid-connected system must be have the capability of islanding detection.
Usually, islanding detection methods can be divided into three categories, namely, remote detection methods, passive detection methods and active detection methods [5] . Remote detection method is based on means of communication, relying on to detect the signal of communication between the distributed system and grid whether islanding occurring. Passive detection methods use the grid parameters including voltage amplitude, frequency, phase, harmonic content, etc in order to detect islanding operation. In active detection, a perturbation is injected in the current waveform to drive one of the system parameters out of its limits during islanding operation. The key criteria of evaluating an anti-islanding method contain detection speed, nondetection zone (NDZ), and the total harmonic distortion (THD). Detection speed is defined as the time interval between the actual islanding instant and the islanding detection instant [6] . NDZ is defined as an area of loading conditions which are unable to be detected by the antiislanding method. THD is defined as the influence of the power quality of the system. Active detection methods are most widely used in the three detection, especially active frequency drift anti-islanding detection method (AFD) [7] , [8] . In AFD method, the frequency drifts beyond the threshold value in case of island operation by injecting a perturbation to the current waveform, which does not happen when the grid is available.
The traditional AFD use fixed chopping factor ( cf ). If the chopping factor is set too small, islanding can not be detected within the specified time, and also will increase the NDZ [9] - [13] . To the contrary, if the chopping factor is set too large, despite islanding can quickly be detected and decrease the NDZ, it will make the THD increase at the same time.
In view of the above problems, an improved active frequency drift detection method based on changing cf is proposed. Not only the detection time is shortened, but also the THD is reduced. It is be proved that the improved method is practical and effective by Matlab/Simulink simulation.
II. ACTIVE FREQUENCY DRIFT METHOD
Firstly, the principle of the traditional AFD method is described, in order to make a better comparison with the new method. The output current of the inverter for grid connected photovoltaic power generation system is defined as:
where m I is the amplitude of output current, ω is the angular frequency of output current, ϕ is the initial phase of output current.
The traditional AFD method takes voltage frequency in the point of common coupling (PCC) as the original reference signal of output current, and a zero conduction time z t is injected to the end of each half cycle of the current waveform of the inverter to force a frequency drift in case of islanding operation. the detection principle as shown in Fig. 1 . During normal grid connected operation the inverter will operate at grid frequency. In islanding operation, the frequency will beyond the threshold value so that islanding is detected. The chopping factor cf is used to perturb the current waveform. The dead time which is forced to zero current and the period of the original signal T is related to each other to define the cf as:
In the formula, z t is the dead time, which indicates the time interval of the zero crossing of the current leads (or lags) the zero crossing of the voltage of common point, and the T is the period of the voltage of common point.
From the above formula, the greater the z t , the greater the cf , the greater the intensity of disturbance, resulting in an increase in the total harmonic distortion.
The reference current waveform of the AFD method is defined as:
In order to ensure the effectiveness of the AFD method, the cf needs to be fairly large, due to it directly affects the THD of the current waveform. The relationship of the THD with cf is linear. The maximum allowable of the cf is limited by the maximum of the THD (<5%). Therefore, the AFD method reduces the quality of the power which delivered to the grid in most of the active methods. In general, the larger the chopping factor, the smaller the NDZ and the higher the THD for the AFD methods.
In the AFD algorithm, the chopping factor is a fixed value. Islanding can not be detected within the specified time if the chopping factor is set too small, and also will increase the NDZ. To the contrary, Despite islanding can quickly be detected and decrease the NDZ, it will make the THD increase at the same time if the chopping factor is set too large.
III. IMPROVED AFD ANTI-ISLANDING METHOD
To solve the problem of the traditional AFD method, some improvements have been made on AFD islanding detection method, first of all, making disturbance is very small, and then gradually increasing the disturbance, the cf from small to large, so that the frequency drift is more and more big, beyond the scope of the frequency threshold. Finally, islanding protection.
The improved method uses the changing disturbance modes with the traditional AFD method, and the current waveform is shown in Fig. 2 .
It can be drawn from the Fig. 2 that the dead time in which zero current increases gradually with the increase of the cycle. As a result of that, frequency drift will be more and more big, until beyond the threshold value.
An improved AFD algorithm is represented as:
k is defined as the value of a change, and the change of k causes cf to change. The change of the cf leads to the drift of the frequency of AFD reference current waveform. 
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IV. SIMULATION RESULTS
A single phase photovoltaic distributed generation system with a local RLC load has been considered in order to verify the improved method. The structure block of the system is shown in Fig. 3 . In this paper, make a simulation experiment for single phase 220V, small capacity power supply system. According to the China electric power quality standard, voltage deviation limit is 7% or -10% of the nominal voltage. When capacity is small, frequency deviation is ± 0.5 Hz, and detected the islanding within 2s. In addition, the injected grid current THD does not exceed 5%.The simulation for both AFD and the proposed method were implemented in Matlab/Simulink platform together with over/under voltage and over/under frequency relays.
Due to the AFD islanding detection method of NDZ increases with the increase of the quality factor of the system. Therefore, the quality factor is set to 2 and the resonant frequency is 50.2 Hz when simulate in this paper. The simulation time is set to 1 s, the utility grid disconnects in 0.2 s . In order to verify the advantages of the proposed method, this paper take the proposed method compare with the traditional method of AFD.
A. Simulation current waveform
The simulation results of the traditional AFD and the improved active method are shown in Fig. 4, Fig. 5 . Compared with the traditional AFD method, obviously, the cf of the traditional is a fixed value, nevertheless, the cf of the improved method is a change value. According to the formula (3), cf changes with the change of k. With the increasing of the cf , the disturbance will become stronger and stronger. More and more strong disturbance leads to more and more large frequency drift.
B. Island detection results
The detection results of the two methods are shown in Fig.  6 and Fig. 7 . Disconnect the utility breaker which is connected to the power grid when 0.2s.
The traditional AFD method detects the islanding use 0.12s after the occurrence of the islanding. However, the improved AFD method detects the islanding use 0.08s, which faster than the traditional AFD method.
Thus, the improved AFD method has the advantage of high efficiency.
C. The total harmonic distortion
The THD of the two methods are shown in Fig. 8 and Fig.  9 . Simulation results show that the THD of the traditional AFD method is 4.50%, however, the total harmonic distortion of the improved method is 3.62%. Obviously, the total harmonic distortion is less than the traditional AFD method. Hence, the proposed method has less impact on the system. From the simulation results, under the same conditions, the proposed method in this paper has more advantages than the traditional AFD method, the detection time is shorter, and the total harmonic distortion is lower.
. CONCLUSION AFD detection method is an effective active islanding detection method, but the method brings higher THD, if we want to reduce the harmonic, the detection speed will be reduced, and the NDZ will be increased. However, the proposed improved AFD method in this paper uses the change of the cf to realize the frequency drift, which not only reduces the detection time, but also reduces the total harmonic distortion. Therefore, the proposed method in this paper is feasible and effective.
